We discuss a new approach for measuring flaring activity cycles of blazars and quasars. The activity cycles of 21 active galactic nuclei were estimated using the radio total flux-densities at five frequencies (5 GHz-37 GHz) and high resolution long-term very long-baseline interferometry (VLBI) observations (1.6 GHz-43 GHz). We define the activity cycles as the time period between two successive "core" outbursts in the total flux-density radio light curves. The "core" outbursts show frequency-dependent time-delays, flat amplitude spectra and are associated with brightening of the VLBI core. We show that the activity cycles are very long and have durations from 4 to >25 years in observer's frame. We also show that a few sources, such as S5 1803+784, reveal less active behavior if we take into account the long-term VLBI and total flux-density observations for more than 20 years. We found for four sources that core flares appear periodically and that activity cycles coincide with a period in the total flux-density variability. Analysis of the activity cycles leads us to suggest that more massive blazars and quasars possess shorter activity cycles. Quasars and blazars with mass as of about 10 8 M sun have activity cycles of ∼12 yrs, whereas sources with mass as of 10 10 M sun have activity cycles of about 2 yrs in the source frame.
Introduction
Total flux-density radio light curves of blazars and quasars show timescales from days up to decades of years. Various authors calculated variability timescales using various mathematical methods, such as structure functions (e.g. [5] ), Fourier transforms (e.g. [8] ) and wavelet transforms (e.g. [3] ). However, these methods can show only the characteristic time scale of the total fluxdensity variability and do not take into account physical properties of the active galactic nuclei (AGN), such as spectral evolution and opacity of the flares.
In this proceeding, the new physical approach to calculating the activity cycles of blazars and quasars presented in [15] is discussed and developed. We can investigate the flaring activity cycle of blazars and quasars, calculating the duration of a cycle as the time between two optically thick "core" outbursts. The "core" outbursts are flares connected with a primary perturbation in the base of the jet, which show frequency-dependent time delays and are associated with brightening of the VLBI core [4, 14] . Thus, studies of flaring activity cycles will provide information on how often a primary perturbation at the base of the jet appears and how stable the flaring activity cycles are, which will improve our understanding of the physical processes in the vicinity of the central supermassive black holes. The first results of this new physical approach were presented in [15, 16] , and here we discuss new results for 21 sources.
Observations
The University of Michigan Radio Astronomy Observatory [1] monitoring program and Metsähovi Radio Astronomy Observatory monitoring [18] database, together with archival historical radio data, were used to investigate activity cycles in blazars and quasars. Data at 4.8, 8, 14.5, 22 and 37 GHz spanning more than 30 years were analyzed. The total flux-density variability data were also complemented with VLBI data at 43 GHz [6] and archival observations at six frequencies 1.6-22 GHz ( [11] and ref. therein).
For studying the properties of total flux-density outbursts we separated the most prominent flares into individual components using Gaussian model fitting. We chose to fit Gaussian components since most of the observed centimeter-wavelength outbursts are symmetrical and have shapes that are approximately Gaussian.
Activity cycles
We have selected 21 sources with bright, well-separated outbursts and definite frequencydependent time delays suitable for the analysis. The activity cycles of the sources were calculated as the time interval between two core outbursts, following the procedure discussed in [15, 16] . We present first our results for the blazar S5 1803+784, which is the source with the largest amount of analyzed VLBI data.
The analysis of 20 years of structural variability in the parsec-scale jet of S5 1803+784 has shown that the jet structure within 12 mas of the core consists of seven quasi-stationary jet components, which stayed at about the same positions for the entire 20 years. Only one jet component ejection was detected at lower frequencies, in 1999.8 ± 1.1 (See [11, 12, 2] for more details),
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Activity cycles of blazars and quasars N. A. Kudryavtseva which was observed as two jet components ejected in about 1998 at 43 GHz [7] . We calculated the frequency-dependent time delays for each flare as the time difference between the Gaussian peaks at each frequency with respect to the position of the peak at the highest available frequency. Time delays for the outbursts as functions of frequency are shown in Fig. 1 (Top left). Decomposition of the total flux-density light curves shows that the light curve of S5 1803+784 consists of three flares. The first two flares show moderate time delays of 0.3 years, whereas the prolonged flare C (1997) shows an enormous time delay of 3.2 yrs (4.8-14.5 GHz), which is an indication of high opacity in the source during this outburst. The bright flare C is accompanied by the significant flattening of the spectra, high opacity, and brightening of the core, and is followed by ejection of a jet component. Therefore, we classified C flare as a "core" flare and since it was the only "core" flare observed for more than 25 years of observations the activity cycle of S5 1803+784 is more than 25 years. The total flux-density light curves and VLBI structure variability were analyzed in a similar way for the other sources. Table 1 shows the list of analyzed active galactic nuclei (15 quasars, 2 blazars and 1 radio galaxy) and gives the source name, class, redshift, activity-cycle duration in the observer's frame, activity-cycle duration in the source frame, mass and reference for the mass estimation. The cycles tend to be long, about 4-6 years in the source frame (distribution maximum
Activity cycles of blazars and quasars N. A. Kudryavtseva at 3.8 ± 0.3yrs). This corresponds to a cycle duration of about 8-12 years in the observer's frame for z = 1. Figure 2 (Left) shows the distribution of the activity-cycle durations in the source frame. The duration of the activity cycle correlates with the logarithm of the mass of the supermassive black hole at the center of a galaxy, with the correlation coefficient r = −0.6. Moreover, if we exclude sources with upper limits for the activity cycles, the correlation coefficient becomes higher, r = −0.8. Figure 2 (Right) shows this relation between the cycle duration in the source frame and the mass. This plot suggests that, on average, blazars and quasars with lower-mass black holes have longer flaring activity cycles. We have also searched for correlations between the activity-cycle duration and the apparent speeds of the jet components, quiescent flux at 14.5 GHz, maximum amplitude, time delay and width of the fitted Gaussian functions. We found a tentative correlation between the activity-cycle duration and maximum flare width at 37 GHz, which suggests a possible correlation between the activity-cycle duration and the duration of flares. However, we did not find significant correlations between the activity cycles and other source properties, such as apparent speeds and time delays and amplitudes of the flares.
Time evolution of activity cycles: For six sources (0133+476, 0735+178, 3C 345, 2145+067, 3C 446, and 3C 454.3 ) we found that the presence of the flaring activity cycle is demonstrated not only by repeatability of the core flares, but also by smooth and gradual changes of the frequencydependent time lags, flare durations, amplitudes and spectra. These properties of the flares change gradually from flare to flare during the activity cycle. This is shown in Fig. 1 for the quasar 0133+476, where the time lags, amplitudes and widths for all observed flares (A-E) are plotted versus time. Moreover, the time evolution of the amplitude, frequency-dependent time delays and durations of the flares are correlated for all six sources. In a few cases, jet component ejections were detected when the frequency-dependent time lags and opacity reached the maxima and the emission started to become optically thinner, in agreement with the shock in jet model.
Blazars and quasars with periodic core flares: For four sources (3C 345, 3C 446, CTA 102, and 3C 454.3) we found that core flares appear periodically, and that the activity cycles coincide with a period in the total flux-density variability. The "core" outbursts are probably connected with the immediate vicinity of a supermassive black hole in the center of the galaxy, and are caused
Activity cycles of blazars and quasars N. A. Kudryavtseva [22] by the appearance of a primary perturbation at the base of the jet. Thus, periodicity in the "core" outbursts can be interpreted as evidence for periodic processes in the immediate vicinity of the black hole. For example, in 3C 345, the activity cycle of about 10 years coincides with the period of 10.1 years found for the optical light curve [23] and the period of ∼9 years found by [9] for the jet structure evolution. Moreover, the periodicity in the radio variability for 3C 454.3 and 3C 446 also coincides with the period in the optical light curve (see [10] for more details). Such coincidences of optical and radio variability were observed before in only a few sources. According to [17] , such coincidences are most likely due to the presence of a binary black hole in the galactic nucleus. Given also our detection of periodicity in the "core" flares, opacities and spectra of these sources, they become the best known candidates for supermassive binary black holes, together with OJ 287 [19] .
Discussion
We have applied the new method of [15] for calculating flaring activity cycles, where the flaring activity cycle is defined as the characteristic time scale between "core" outbursts. "Core" outbursts are optically thick flares with large frequency-dependent time delays and special spectral evolution, and are connected with the appearance of a primary perturbation in the jet. We have
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Activity cycles of blazars and quasars N. A. Kudryavtseva successfully identified "core" and "jet" outbursts for 21 sources, based on the shock-in-jet theory predictions [4] and our derived flaring activity cycles. The flaring activity cycles can last up to tenths of years. During the flaring activity cycle for six sources (0133+476, 0735+178, 3C 345, 2145+067, 3C 446, and 3C 454.3), the frequency-dependent time delays, opacity and spectral evolution change gradually with time, and are connected with jet-component ejection when the opacity reaches its maximum (in accordance with the shock-in-jet model). Thus, we are actually observing the substructure of powerful outbursts rather than single outbursts. Based on our analysis of the long-term multi-frequency light curves and VLBI observations, we conclude that the flaring activity cycles in these sources last from 4 years up to > 25 years in the observer's frame, and that most of the sources have activity cycles of about 4-6 years in the source frame. This means that the appearance of a primary perturbation at the base of the jet, which causes brightening of the VLBI core, powerful total flux-density outbursts and the emergence of new jet component(s), is a rare event, and long-term observations are necessary in order to study the appearance of these perturbations. Moreover, we have found that the duration of the activity cycles in the source frame and the mass of the central black hole are correlated, with AGN with lower-mass black holes, on average, having longer flaring activity cycles.
